N
N

N

HAL

open science

Outcomes after cryoablation vs. radiofrequency in
patients with paroxysmal atrial fibrillation: impact of
pulmonary veins anatomy
Z Khoueiry, J-P Albenque, R Providencia, S. Combes, N Combes, F. Jourda,

P-A Sousa, C Cardin, Jean Luc Pasquié, T-T Cung, et al.

» To cite this version:

Z Khoueiry, J-P Albenque, R Providencia, S. Combes, N Combes, et al.. Outcomes after cryoablation
vs. radiofrequency in patients with paroxysmal atrial fibrillation: impact of pulmonary veins anatomy.

EP-Europace, 2016, 18 (9), pp.1343 - 1351. 10.1093/europace/euv419 . hal-01784390

HAL Id: hal-01784390
https://hal.umontpellier.fr /hal-01784390
Submitted on 6 Dec 2019

HAL is a multi-disciplinary open access
archive for the deposit and dissemination of sci-
entific research documents, whether they are pub-
lished or not. The documents may come from
teaching and research institutions in France or
abroad, or from public or private research centers.

L’archive ouverte pluridisciplinaire HAL, est
destinée au dépot et a la diffusion de documents
scientifiques de niveau recherche, publiés ou non,
émanant des établissements d’enseignement et de
recherche francais ou étrangers, des laboratoires
publics ou privés.


https://hal.umontpellier.fr/hal-01784390
https://hal.archives-ouvertes.fr

Outcomes after cryoablation vs. radiofrequency in
patients with paroxysmal atrial fibrillation: impact
of pulmonary veins anatomy

Z. Khoueiry"2* J.-P. Albenque3, R. Providencia4, S. Combes3, N. Combes3, F. Jourda¥,
P.A. Sousa3, C. Cardin$, }.-L. Pasquie'2, T.T. Cung'2, F. Massin'.2, E. Marijon”8, and

S. Boveda3

"INSERM U1046, Université Montpellier1, Université Montpellier 2, Montpellier, France; >*CHRU Montpellier, Service de Cardiologie, Montpellier 34090, France; *Départment de
Rhythmologie, Clinique Pasteur, Toulouse, France; *Barts Heart Centre, Barts Health NHS Trust, London, UK; *Department of Cardiology, Auxerre Hospital, Auxerre, France;
®Department of Cardiology, University Hospital Rangueil, Toulouse, France; “INSERM U970, Paris Cardiovascular Research Centre (PARCC), Paris, France; and SUniversité Paris
Descartes, Sorbonne Paris Cité, Paris, France

Aims

Methods
and results

Pulmonary vein isolation is the mainstay of treatment in catheter ablation of paroxysmal atrial fibrillation (AF). Cryo-
balloon ablation has been introduced more recently than radiofrequency ablation, the standard technique in most cen-
tres. Pulmonary veins frequently display anatomical variants, which may compromise the results of cryoballoon ablation.
We aimed to evaluate the mid-term outcomes of cryoballoon ablation in an unselected population with paroxysmal AF
from an anatomical viewpoint.

Consecutive patients with paroxysmal AF who underwent a first procedure of cryoballoon ablation or radiofrequency
were enrolled in this single-centre study. All patients underwent systematic standardized follow-up. Comparisons be-
tween radiofrequency and cryoballoon ablation (Arctic Front™ or Arctic Front Advance™) were performed regarding
safety and efficacy endpoints, according to pulmonary vein (PV) anatomical variants. A total of 687 patients were en-
rolled (376 radiofrequency and 311 cryoballoon ablation). Baseline characteristics and distribution of PV anatomical
variants were generally similar in the groups. After a mean follow-up of 14 + 8 months, there was no difference in
the incidence of relapse (17.0% cryoballoon ablation vs. 14.1% radiofrequency, P = 0.25). We observed no interaction
of PV anatomical variants on mid-term procedural success.

Conclusion Our findings suggest that mid-term outcomes of cryoballoon ablation for paroxysmal AF ablation are similar to those
of radiofrequency, regardless of PV anatomy. The presence of anatomical variants of PVs should not discourage the
referral of patients with paroxysmal AF for cryoballoon ablation.
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Introduction circumvent this limitation and simplify the creation of transmural

lesions around the pulmonary veins (PVs) through a simplified pro-

Pulmonary vein isolation (PVI) has become the cornerstone of inter-
ventional treatment of paroxysmal atrial fibrillation (AF)." The suc-
cess rate with the conventional radiofrequency ablation (RFA)
technique is ~70—85% after 1 year of follow-up.” However, produ-
cing a wide area circumferential ablation using RFA requires a
long-learning curve and can be challenging. So-called single-shot
techniques such as cryoballoon ablation have been created to

cess and with a limited number of applications.>

A circumferential contact of the cryoballoon with the PV ost-
ium—allowing complete vein occlusion to achieve a transmural le-
sion—is crucial to obtain long-term PVL* This may be easier to
achieve in patients with a normal PV anatomy (four separate ostia),
which has been observed in >70% of cases.” However, the pres-
ence of anatomical variants—such a common ostium or
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What’s new?

e Cryoballoon ablation for paroxysmal atrial fibrillation dis-
played the same results as radiofrequency independently of
the pulmonary vein distribution pattern.

o Our findings suggest that the presence of a left common ost-
ium or right supernumerary veins is associated with similar
outcomes at mid-term follow-up after cryoablation when
compared with a control group treated by standard radiofre-
quency ablation.

e Pulmonary vein anatomical variants should not discourage
the use of cryoballoon ablation.

supernumerary PV—can make this occlusion more challenging and
impact on procedural outcome results.®

To evaluate the efficacy of cryoballoon ablation in an unselected
population from an anatomical viewpoint, we compared the mid-
term results and freedom from AF with cryoballoon ablation or
RFA, according to the different types of PV anatomical variants.

Methods

Setting and patient population

In this single-centre (Clinique Pasteur, Toulouse, France), non-
randomized, observational study with prospectively collected
data, we compared procedural and mid-term outcomes of patients
who underwent a first procedure of PVI for paroxysmal AF with ei-
ther RFA or cryoballoon ablation, and assessed their interaction
with the different PV anatomical variants.

Among all patients undergoing a left atrial ablation procedure
from September 2010 to September 2013, the eligibility criterion
was the presence of paroxysmal AF refractory to at least one class
| or class lll antiarrhythmic drug. Patients with persistent AF, previ-
ous left atrial ablation procedure, or left atrial thrombus were ex-
cluded from the study.

The RFA and cryoballoon ablation procedures were performed
by four experienced electrophysiologists (each operator performs
>100 AF ablations/year; two operators were fully dedicated to
CB ablation and two other operators performing only RFA). Patient
assignment to one of the two treatment strategies depended on the
electrophysiologist physician they consulted before being referred
for the procedure and patient preference. No selection was made
according to anatomical criteria for either group.

All patients provided written informed consent prior to the pro-
cedure. The study complied with the Declaration of Helsinki and the
research protocol was approved by the local ethics committee.

Computed tomography images

Multislice computed tomography (CT) scan imaging of the left at-
rium was systematically performed 24 h before ablation in all pa-
tients. Thoracic acquisition with 0.5-mm section thickness was
systematically performed. Left atrial reconstruction served as the
baseline for periprocedural anatomical guidance but did not influ-
ence the choice of ablation technique. In each patient, we evaluated

the PV drainage pattern, the number of PV ostia, left atrial volume,
and the presence of left atrial thrombosis. A common ostium was
defined as the presence of bifurcated PVs joining the left atrial con-
tour together and with a distance between the left atrial border and
their bifurcation of >5 mm.” Three orthogonal planes were used to
obtain optimal insight of the ostial insertion. A right supernumerary
vein was defined as an additional separate ostium for the middle pul-
monary lobe vein®

Procedural details on ablation procedures

The approach to RFA and cryoballoon ablation of paroxysmal AF at
our centre has been described.” All procedures were performed un-
der general anaesthesia. Venous access was obtained via the femoral
vein. A quadripolar catheter was positioned in the coronary sinus in
all patients as a reference and for pacing. In the absence of patent
foramen ovale, a single transseptal puncture was performed under
fluoroscopic guidance. Transoesophageal echocardiography was
used only in case of failure of the usual fluoroscopic-guided ap-
proach. Upon completion of the transseptal puncture, patients re-
ceived intravenous heparin to maintain an activated clotting time
of 300—350 s. The transseptal sheaths throughout were continu-
ously flushed with heparinized saline.

Radiofrequency ablation

A circumferential mapping catheter (Lasso®, Biosense Webster,
Inc.) was introduced into the left atrium using an 8.5-F long sheath.
The Lasso catheter was used to collect left atrial geometry using a
three-dimensional electroanatomical mapping system (Carto 3®
Diamond Bar, CA, USA, or Velocity®, SJM, USA). After completion
of the left atrial geometry, the lasso catheter was replaced by the
ablation catheter.

Initial circumferential PV ablation was performed by systematic
radiofrequency application around the PV ostia, consisting of an en-
circlement of ipsilateral pairs of PV antra (no more than 2 cm from
the ostium on the posterior wall on both sides and anterior aspect
of right PVs, and guided by the ridge between the left PVs and the
appendage) without adjunctive left atrial ablation. When in the pres-
ence of a left common ostium, a single circle around the PV-atrial
junction was produced while delivering RF energy.

The power was limited to 30 W at anterior, superior, and inferior
sites (flow rate 17—20 mL/min) and 25 W at the posterior wall
(flow rate 17 mL/min) with the temperature limited to 48°C for
each lesion. Power was not adjusted according to contact force.

Pulmonary vein isolation was first performed ‘anatomically’ (i.e.
without the Lasso catheter, using an exclusive anatomical ap-
proach), the Lasso catheter being used only after completion of ana-
tomical PVI to confirm full PV disconnection. This was done by
testing both entrance and exit block (bidirectional block), with a
waiting time of 20 min after the last radiofrequency application. In
the event that complete disconnection was not achieved (failure
of either exit or entrance block), the ablation catheter was reintro-
duced into the left atrium with the Lasso remaining in place using a
double wire technique through the transseptal sheath (Preserving
the long sheath in the left atrium, the Lasso catheter is removed
and replaced with a long J-wire, advanced to the left upper PV,
and a dilator which is used to enlarge the transeptal puncture and
make room for a second catheter. Then, keeping the wire in the



left upper PV, the dilator and sheath are withdrawn into the inferior
vena cava, allowing access to be gained through the dilated transep-
tal puncture using the ablation catheter. Once this is achieved, the
ablation catheter is deflected and parked in a safe location in the
left atrium close to the mitral annulus and the dilator and sheath
are again advanced over the wire to gain a second access to the
left atrium.). Thereafter, PVI was completed with Lasso guidance
to eliminate all points of residual PV connection.

Two types of catheter were used during the study: a new sensor
contact catheter (either ThermoCool® SmartTouch™, Biosense
Webster, Inc.; or TactiCath™, Endosense, Geneva, Switzerland)
oran open irrigated conventional ablation catheter without contact.

Cryoballoon ablation procedure

A 14-F deflectable sheath (FlexCath®, Medtronic, Minneapolis, MN,
USA) was advanced through a transseptal puncture (guide wire ex-
change with the transseptal sheath). The cryoenergy was delivered
exclusively using a 28-mm balloon (first-generation Arctic Front™
or second-generation Arctic Front Advance™, Medtronic). The bal-
loon was introduced in the sheath, inflated, and advanced to the ost-
ium of each PV. Ablation of PVs antra was performed with two
applications of 240 s per vein. Pulmonary vein occlusion was as-
sessed by venous angiography. Continuous monitoring of the phren-
ic nerve during ablation of the right PVs was systematically
performed by pacing the right phrenic nerve with a quadripolar
catheter in the superior vena cava. The freezing cycle was immedi-
ately interrupted in case of decreasing or loss of phrenic nerve
stimulation.

When in the presence of a common ostium, two 240-s freezes
were performed. The Achieve® was inserted in different branches,
both an upper and a lower branch, allowing different angulations to
increase the chances of freezing around the whole PV-left atrial
junction. Occlusion was confirmed under venography, and cryoe-
nergy was only delivered if this was considered adequate. In case
of an incomplete occlusion, a pull-down manoeuver could also be
performed.”

Pulmonary vein isolation was assessed in real time using the
circular 20-mm Achieve® catheter (Medtronic) during cryoballoon
ablation freezing." If the PV remained connected, additional applica-
tions were performed using different angulations. Pulmonary vein
isolation was finally checked 20 min after the last cryoballoon
application.

Standardized follow-up

A systematic transthoracic echocardiography and 24-h Holter mon-
itoring were performed before discharge. Patients were also evalu-
ated at 1, 3, 6, 9, and 12 months after the procedure. After the first
year, follow-up was performed on an annual basis. Information col-
lected during follow-up included a 12-lead electrocardiogram and
24-h Holter monitoring at each visit. Antiarrhythmic drugs were
prescribed at discharge only for specific indications (i.e., relapse dur-
ing the admission or need for cardioversion) and at the operator’s
discretion. In those instances, antiarrhythmic drugs were stopped
after the first 3 months in the absence of recurrence. The first 3
months post-procedure were considered as a blanking period.
If there was documented recurrence of symptomatic AF or atrial
tachycardia during this time interval and the patient required

antiarrhythmic drug therapy, a previously ineffective but well-
tolerated class | or class Ill drug (sotalol) was the preferred option.
Anticoagulation strategy after the first 3 months was based on
CHA,DS;-Vasc (cardiac failure or dysfunction, hypertension, age
>75 years [doubled], diabetes, stroke [doubled]-vascular disease,
age 65—74 years, sex category [female]) and HAS-BLED (hyperten-
sion, abnormal renal/liver function, stroke—bleeding, labile inter-
national normalized ratios, elderly [>65 years], drug therapy/
alcohol intake) scores.'?

Endpoints and safety concerns

The procedural endpoint was complete PVl in each group. The pri-
mary endpoint was freedom from atrial arrhythmias after a blanking
period of 3 months and a single atrial ablation procedure. Thereafter,
statistical analyses were undertaken to establish whether the presence
of anatomical variants of the PVs—particularly left common ostium or
right supernumerary vein—were associated with clinical relapses.

Periprocedural safety and efficacy endpoints were assessed using
the criteria proposed by Sorgente et al.:

(1) All-cause periprocedural death.

(2) Thromboembolism—a composite of stroke, transient ischae-
mic attack (TIA), and systemic or pulmonary embolism. A
stroke was defined as a sudden focal neurologic deficit of pre-
sumed cerebrovascular aetiology lasting for >24 h not due to
another identified cause and confirmed by CT or magnetic res-
onance imaging of the brain. If symptoms were short lasting
(<24 h) and no evidence of necrosis was found on brain im-
aging, the event was considered to be a TIA. A systemic embolic
event was defined as an abrupt vascular insufficiency associated
with clinical or radiological evidence of arterial occlusion in the
absence of another likely mechanism.

(3) Major bleeding—comprising cardiac tamponade, bleeding ne-
cessitating intervention (thrombin injection or surgery) or
transfusion, massive haemoptysis, haemothorax, retroperiton-
eal bleeding, or any other life-threatening bleed leading to pro-
longation of hospitalization.

Recurrence was defined as any symptomatic or asymptomatic atrial
arrhythmia lasting >30 s following the 3 months blanking period
after catheter ablation. Patients with relapse during the blanking per-
jod with no response to pharmacologic or electrical cardioversion
were also classified as having a relapse.

Statistical analysis

Comparisons were performed between the two treatment groups.
The x? was used for nominal variables and Student’s t-test for com-
parison of continuous variables, where appropriate. Levene’s test
was used to check the homogeneity of variance; equivalent non-
parametric tests were used when Kolmogorov—Smirnov was in fa-
vour of the absence of normal distribution. Results with P < 0.05
were regarded as significant. Variables that differed at baseline be-
tween the two treatment groups and their impact on sinus rhythm
maintenance were assessed using Cox regression (using the forward
stepwise method likelihood ratio; probability for stepwise = 0.05).
Cox regression was also performed to assess predictors of relapse.
Kaplan—Meier curves were traced for comparing sinus rhythm



maintenance between the two treatment strategies and the log-rank
test was used to assess existing differences. PASW Statistics version
18.0 was used for descriptive and inferential statistical analysis.

Results

Study sample

Population baseline characteristics are detailed in Table 1. A total of
687 patients undergoing a first procedure of paroxysmal AF ablation
in our institution from September 2010 to September 2013 were
enrolled in this study, of whom 376 were assigned to RFA and
311 to cryoballoon ablation. Overall, a higher prevalence of heart
failure patients and more left PVs were found in patients undergoing
cryoballoon ablation. Otherwise, no significant baseline differences
were observed between the RFA and cryoballoon ablation groups.

Procedural results

In the RFA group, ThermoCool® SmartTouc
h™

h™ was used in 159

patients, TactiCath'"in 63, and an open irrigated conventional abla-
tion catheter without contact in 154. In the cryoballoon ablation

group, the first-generation Arctic Front™

was used in 208 patients
and the second-generation Arctic Front Advance™ in 103.
Procedural data are detailed in Table 2. The duration of the pro-
cedure was significantly shorter in the RFA group than in the cryo-
balloon ablation group (P < 0.001). As a result, the duration of

fluoroscopy was also significantly lower in the RFA group.

Table | Baseline characteristics of the study population

In both groups, all PVs were disconnected at the end of the pro-
cedure. Whilst 156 (41.5%) patients in the RFA group required
complementary focal applications, no need for RFA ‘touch-up’ was
observed in the cryoballoon ablation group.

The rate of procedural complications did not differ between the
two groups (Table 2) and no periprocedural deaths were observed.
We observed two thromboembolic events (one in each group);
both patients recovered without residual deficits. Transient phrenic
nerve palsy was more frequent with cryoballoon ablation than RFA
(Table 2). No definitive phrenic nerve palsy was observed in either
group after completion of the follow-up.

Relapses during the first 72 h and during the 3-month blanking
period were more frequent with cryoballoon ablation than RFA
(Table 2). The use of antiarrhythmic agents at discharge was similar
in both groups.

Anatomical PV variants and their impact
in procedural outcomes

A left common ostium was present in 128 (18.6%) patients and 6
(0.9%) patients had a supernumerary left vein. On the right side, 7
(1.0%) patients had a right common ostium, 112 (16.3%) had one
supernumerary vein, and 9 (1.3%) had two supernumerary veins.
The anatomical distribution of the PVs was similar in the two groups
(Table 3).

The mean + SD follow-up duration was 14 + 8 months
(Median = 13 months). Overall, after the initial blanking period of

Overall (n = 687) RFA (n = 376) Cryoballoon ablation (n = 311) P-value
Age (years) 60.8 + 10.0 61.0 + 9.1 60.7 + 111 0.75
Women 204 (29.7%) 102 (27.1%) 102 (32.8%) 0.11
BMI (kg/m?) 269 +43 26.7 + 4.1 272+ 4.6 0.1
Paroxysmal AF duration (years) 42+ 45 44 + 4.6 40+ 43 0.19
Heart failure 28 (4.1%) 10 (2.7%) 18 (5.8%) 0.038
Hypertension 284 (41.3%) 152 (40.4%) 132 (42.4%) 0.59
Diabetes mellitus 48 (7.0%) 22 (5.9%) 26 (8.4%) 0.20
Stroke/TIA 48 (7.0%) 32 (8.5%) 16 (5.1%) 0.09
Vascular disease 69 (10.0%) 37 (9.8%) 32 (10.3%) 0.85
CHADS; score 0.7 £ 09 0.7+0.8 0.8 +0.9 0.38
CHA,DS,-VASc score 15+14 14+13 16 +£15 0.17
Sleep apnoea 59 (8.6%) 26 (6.9%) 33 (10.6%) 0.09
Haemoglobin (g/dL) 146 £ 1.3 147 £13 145 +13 0.20
CG clearance (mL/min) 702 +£223 701+ 194 703 + 253 0.90
CRP (mg/L) 39 +89 42 + 111 37453 0.49
Indexed LAV (mL) 40.7 £ 15.4 39.7 £ 131 418 £ 17.8 0.08
Number of left PVs 18+ 04 18+ 04 19+ 04 0.05
Number of right PVs 22+04 22405 21+04 0.09
LVEF (%) 643+ 77 64.6 + 6.5 639+75 0.19

Values are given as mean + SD or no. (%).

AF, atrial fibrillation; BMI, body mass index; CHADS,, congestive heart failure, hypertension, age >75 years, diabetes mellitus, prior stroke, TIA, or thromboembolism [doubled];
CHA,DS,-VASc, cardiac failure or dysfunction, hypertension, age >75 years [doubled], diabetes, stroke [doubled]—vascular disease, age 65—74 years, sex category [female]; CRP,
C-reactive protein; LAV, left atrial volume; LVEF, left ventricular ejection fraction; PV, pulmonary vein; RFA, radiofrequency ablation; SD, standard deviation; TIA, transitory

ischaemic attack.



Table 2 Procedural and short-term follow-up data

Overall (n = 687)

Duration of procedure (min) 123.0 £+ 36.1
Duration of fluoroscopy (min) 248 +99
Procedural complications 45 (6.6%)
Pericarditis/tamponade 7 (1.0%)
Thromboembolic events 2 (0.3%)
Transient phrenic palsy 8 (1.2%)
Vascular complications/major bleeding 19 (2.8%)
Other complications® 9 (1.3%)
Relapse within 72 h 43 (6.3%)
Relapse during blanking 3 months 120 (17.5%)
Class Ic or lll antiarrhythmic drug at discharge 53 (7.7%)

RFA (n = 376) Cryoballoon ablation (n = 311) P-value
1142 + 333 132.8 + 37.0 <0.001
238 +10.7 261+ 87 0.005
25 (6.6%) 20 (6.4%) 0.66
6 (1.6%) 1(0.3%) 0.10
1(0.3%) 1(0.3%) 0.89
1(0.3%) 7 (2.3%) 0.016
12 (3.2%) 7 (2.3%) 0.45
5(1.3%) 4 (1.3%) 0.96
16 (4.3%) 27 (8.7%) 0.017
55 (14.6%) 65 (21.1%) 0.037
28 (7.4%) 25 (8.0%) 0.77

Values are given as mean + SD or no. (%).
RFA, radiofrequency; TIA, transitory ischaemic attack.

?Other complications: RFA: upper digestive bleeding (n = 1), haematuria (n = 1), haemoptysis (n = 1), anaphylactic shock (n = 1); cryoballoon ablation: gastroparesis (n = 1),

oesophageal ulcer (n = 1), haemoptysis (n = 1), and haemomediastin (n = 1).

Table 3 Distribution of the different pulmonary vein
variants by ablation technique

RFA Cryoballoon P-value
(n=376) ablation (n = 311)
Common left 81 (21.5%) 47 (15.1%) 0.08
PV ostium
Two left PVs 291 (774%) 262 (84.2%)
Three left PVs 4 (1.1%) 2 (0.6%)
Common right 3 (0.8%) 4 (1.3%) 0.41

PV ostium
Two right PVs
Three right PVs
Four right PVs

299 (79.5%)
68 (18.1%)
6 (1.6%)

260 (83.6%)
44 (14.1%)
3 (1.0%)

Values are given as no. (%). P refers to PV distribution in RFA vs. CRYO.
PV, pulmonary vein; RFA, radiofrequency ablation.

3 months, freedom from atrial arrhythmias was 83.0% (258/311)
with cryoballoon ablation and 85.9% (323/376) with RFA (P = 0.81)
(Figure 1). Freedom from atrial arrhythmias at 12 months in relation
to the different PV patterns is reported in Table 4. Figure 2 illustrates
the course of relapses over time in relation to the most common of
the different PV variants.

Predictors of relapse in the whole
cohort

On multivariate Cox regression (Table 5), only sleep apnoea, in-
dexed left atrial volume, and relapse during the blanking period
were independent predictors of arrhythmias relapse (Table 5).
The presence of anatomical PV variants at baseline was not a pre-
dictor of arrhythmias relapse.

100

80

60

40

Freedom from AF (%)

20

0- Log-rank P=0.982

T T T T T
Follow-up duration (months)

0 10 20 30 40
RF 376 205 66 5 0
CcB 311 225 85 27 0

Figure | Freedom from atrial arrhythmias during follow-up. CB,
cryoballoon ablation; Cum, cumulative; RF, radiofrequency
ablation.

Discussion

Our single-centre data suggest that the presence of PV anatomy var-
iants, namely left common ostia, and/or supernumerary PVs, does
not adversely impact on the success rate of cryoballoon ablation
or RFA. To the best of our knowledge, this is the largest study com-
paring mid-term outcomes of RFA with those of cryoballoon



Table 4 Freedom from atrial fibrillation according to pulmonary vein anatomy and ablation technique

Common left PV ostium
Two left PVs
Three left PVs

Common right PV ostium

Two right PVs
Three right PVs

74 (91.4%)
250 (85.9%)
3 (75.0%)

3 (100%)
260 (87.0%)
59 (86.8%)

Cryoballoon ablation P-value
44 (93.6%) 0.67
220 (84.0%)
1 (50.0%)
4 (100%) 0.57

222 (85.4%)
36 (81.8%)

Four right PVs 5(83.3%) 3 (100%)
Values of AF freedom by PV anatomy are given as absolute no. and %.
AF, atrial fibrillation; PV, pulmonary vein; RFA, radiofrequency ablation.
100 4 Left common ostium 100 - Normal left PV anatomy
80 - 80
9
< 601 60
£
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= e
£
S 40 A 40
(]
[
i
20 - 20
0 Log-rank P=0.176 04 Log-rank P=0.470
Follow-up duration (months) Follow-up duration (months)
0 10 20 30 40 0 10 20 30 40
RF 11 81 49 19 2 0 291 155 46 3
CcB _I1 47 37 14 0 262 187 71 23
100 A Normal right PV anatomy 100 - Supranumerary right PVs
80 - 80
L
< 601 60
1S
o
5
g 404 40
[0
(3]
i
20 - 20
0 Log rank-P=0.893 0- Log-rank P=0.807
Follow-up duration (months) Follow-up duration (months)
0 10 20 30 40 0 10 20 30 40
RF _I1 299 162 53 5 74 41 13 0
CB _I'1 260 186 64 18 47 33 19 8

Figure 2 Freedom from atrial arrhythmias during follow-up vs.

radiofrequency ablation.

impact of the different pulmonary vein variants. CB, cryoballoon ablation; RF,



Table 5 Predictors of relapse after the blanking period for the whole cohort

Variable

Univariate Cox regression

Multivariable Cox
regression model B®

Multivariable Cox
regression model A*

HR (95% CI) P-value
Age (per 1-year increase) 1.01 (0.99-1.03) 0.25
BMI (per kg/m? increase) 1.02 (0.98-1.06) 0.30
AF duration (per 1-year increase) 1.04 (1.00-1.07) 0.035
Heart failure 1.07 (0.47-2.43) 0.87
Hypertension 1.38 (0.99-1.92) 0.06
Diabetes mellitus 1.17 (0.63-2.16) 0.62
History of stroke/TIA 1.07 (0.56-2.03) 0.84
Vascular disease 1.19 (0.71-2.00) 0.52
Sleep apnoea 1.81 (1.13-291) 0.014
COPD 0.54 (0.22-1.31) 0.17
CHADS, (per unit increase) 1.12 (0.94-1.34) 0.21
CHA;,DS,-VASc (per unit increase) 1.09 (0.97-1.22) 0.17
Left PV variant® 0.69 (0.43-1.09) 0.1
Right PV variant® 0.91 (0.59-1.41) 0.68
Indexed LAV 1.01 (1.00-1.03) 0.036
LVEF (per 1% increase) 1.13 (0.11-11.40) 0.92
Haemoglobin (per g/dL increase) 0.88 (0.77-0.99) 0.036
CRP (per mg/L increase) 1.00 (0.99-1.02) 0.85
GFR (Cockroft-Gault) 1.00 (0.99-1.01) 0.75
Cryoballoon ablation 1.00 (0.72-1.40) 0.98
Relapse during blanking 4.85 (3.46—-6.81) <0.001

2.05 (1.27-3.31) 0.003 2.07 (1.28-3.34) 0.003
1.02 (1.00-1.03) 0.014 - -

4.92 (3.44-7.06) <0.001

AF, atrial fibrillation; BMI, body mass index; CHADS,, congestive heart failure, hypertension, age >75 years, diabetes mellitus, prior stroke, TIA, or thromboembolism [doubled];
CHA,DS,-VASc, cardiac failure or dysfunction, hypertension, age >75 years [doubled], diabetes, stroke [doubled]—vascular disease, age 65—74 years, sex category [female]; Cl,
confidence interval; COPD, chronic obstructive pulmonary disease; CRP, C-reactive protein; GFR, glomerular filtration rate; HR, hazard ratio; LAV, left atrial volume; LVEF, left

ventricular ejection fraction; PV, pulmonary vein; TIA, transient ischaemic attack.
“Model A: including only baseline variables.
®Model B: including also blanking period relapse.

“Common ostium or supernumerary vein (common left ostium, n = 128; three left pulmonary veins, n = 6; common right ostium, n = 7; three right pulmonary veins, n = 112; four

right pulmonary veins, n = 9).

paroxysmal AF ablation in this setting. No differences in mid-term
success were found in favour of either of the two approaches in
all of the assessed PV distributions. These results suggest that con-
sideration of anatomical criteria is probably not mandatory when se-
lecting paroxysmal AF patients for cryoballoon ablation.
Contradictory results have been published so far regarding the in-
fluence of anatomy on outcomes after paroxysmal AF ablation using
cryoballoon ablation. Kubala et al.® have reported a higher propor-
tion of patients free from AF relapse in those with a normal PV pat-
tern. A normal PV pattern was also associated with better mid-term
outcomes. However, cryoballoon ablation data in this study were
not compared with RFA data, and only first-generation (Arctic
Front™) cryoballoons were used. Potential reasons suggested by
the authors were: the difficulty of correctly evaluating the isolation
compared with normal PVs, the difficulties in manipulating catheters
with a conventional fixed size and shape in unusual vein anatomies,
and the abnormal localization of AF foci in this population. How-
ever, in a letter to the editor, Defaye et al. pointed out that the
rate of acute successful isolation with cryoballoon ablation was sig-
nificantly higher in the group with left common ostia, putting the

long-term results from Kubala et al.® into doubt. At around the
same time, Defaye et al. published data concerning 220 patients
and found no difference in mid-term outcomes when in the pres-
ence of a common ostium." In a substudy from the Sustained Treat-
ment Of Paroxysmal Atrial Fibrillation trial, the presence of
anatomical PV variants was not significantly associated with early
or late recurrences in paroxysmal AF patients treated using cryobal-
loon ablation. Consistent with these findings, Ferrero-de Loma-
Osorio et al. did not find that the presence of a common left PV
ostium was associated with a lower rate of acute PV isolation or
worse mid-terms results." Finally, Neumann et al™® reported no in-
fluence of the presence of a left common ostium on long-term re-
sults. However, all of these studies had low numbers of abnormal
PVs patients and therefore results must be interpreted with caution.

Knecht et al.'® suggested that the presence of a sharp carina be-
tween the left superior and left inferior PV and a sharp left lateral
ridge between the left appendage and the left superior PV could
predict acute and mid-term procedural failure after cryoballoon ab-
lation. They also concluded that the presence of a supernumerary
vein did not seem to play a role in mid-term results.



According to our data, a left common ostium should not be con-
sidered a contraindication to cryoballoon ablation. Many reasons
support this affirmation. First, the use of the largest (28 mm) balloon
in all patients is now an accepted policy for the majority of practi-
tioners, resulting in a wider antral lesion. Second, the sheath sup-
porting the balloon and the balloon itself are deflectable, allowing
the operator to engage the different branches of the vein separately
and thus overcome the difficulties derived from the presence of a
large common ostium. This approach—consisting of maneuvering
the balloon along the various edges of the left antrum—may be
practical and reliable.” Third, the use of the second-generation
cryoballoon together with the Achieve® catheter also seems to
play a determinant role. This balloon improves cooling capabilities
by increasing the number of refrigerant injectors, resulting in a big-
ger and more homogeneous cooling of the balloon surface. In add-
ition, the Achieve®™ catheter increases the stability of the balloon
and allows the real-time assessment of PV disconnection in most
cases.'®

For right supernumerary PVs, data in the literature are scarce. For
many operators, the presence of right supernumerary vein(s) is an
exclusion criterion for cryoballoon ablation. Preliminary data from a
very small sample of patients (without an RF control group) suggest
that right upper PV diameter may be an independent predictor of
relapse.18 Our experience in 47 patients with supernumerary right
vein(s) shows that the presence of such an anatomical variant does
not influence the mid-term results of the procedure. The use of a
28-mm balloon in these patients allows a large antral PVl and prob-
ably encompasses supernumerary veins.

We observed longer procedural and fluoroscopy times in the
cryoballoon ablation group when compared with RFA. In the litera-
ture, cryoballoon ablation procedure duration is usually shorter and
more reproducible. As regards procedure duration using RFA, we
have to bear in mind that our centre is performing almost 400
RFA ablations of AF per year, which can explain the shorter duration
of the procedure with RFA, unlike what is observed in other centres
with lower annual caseload. Other centres with strong experience
in RFA display comparable results with ours."® In addition, two ap-
plications of CB were performed in each vein (each application:
240 s). Recent studies on cryoballoon ablation suggested that the
application time with the second-generation balloon could probably
be reduced to a single 3 min application without affecting the mid-
term results.”® These data should impact on procedure and fluoros-
copy durations in the near future. Using such a protocol could have
led to a reduction of at least 20 min in total procedural time with
CB, making it more comparable with RFA.

Limitations

We acknowledge several limitations of our study. First, this was
single-centre non-randomized trial, meaning that even though all
variables seem to be balanced between the two treatment groups,
we can never exclude that some other may have been unaccounted
for. Furthermore, this findings are limited to one high-volume and
experienced centre and need to reproduced in other centres,
namely with lower annual case load. Second, regarding the cryobal-
loon ablation group, first- and second-generation balloons were
used and this point, as previously mentioned, could have influenced

our results. Third, in the RFA group, not all procedures were per-
formed with the same ablation catheter.

Conclusions

Our findings suggest that cryoballoon ablation performed similarly
to RFA in paroxysmal AF patients in terms of mid-term results
and in all types of PV anatomical subsets. These results suggest
that patient selection based on anatomical criteria is not mandatory
for patients undergoing cryoballoon ablation for paroxysmal AF.
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